We present new and critical isotopic data for late-to postkinematic granitoid intrusions and their epidote-amphibolitefacies country rocks (Mabujina unit) in central Cuba. The Mabujina unit tectonically overlies a nappe sequence of high-pressure (HP) metamorphic rocks in the Escambray Massif. These granitoid rocks have a variable granodioritic to granitic composition, are generally rich in large ion lithophile elements, and resemble normal midocean ridge basalts in their high field strength element concentrations. On the basis of low initial 87 Sr/ 86 Sr ratios, it is inferred that Sr is very likely to be mantle derived. Primary coarse-grained muscovite from pegmatitic intrusions yields RbSr crystallization ages of ∼86-88 Ma (Rio Jicaya region) and ∼80-82 Ma (Yayabo region). Laser 40 Ar/ 39 Ar ages for coarseand fine-grained white mica (72-74 Ma) and Rb-Sr ages for biotite (73 Ma) outline the cooling history of these granitoids and their country rock. Dating of pegmatites within the Mabujina unit places minimum age limits on the epidoteamphibolite-facies metamorphism, on the end of the magmatic activity and initial collision of the Cretaceous island arc, and on the HP metamorphism and juxtaposition of tectonometamorphic units in the Escambray Massif. The combination of the new thermochronological data with constraints from the geological record indicates thermal relaxation during the initial stages of the arc-continent collision.
Introduction
A suture zone between the North American plate and a Cretaceous Caribbean island arc that once was ca. 1500 km long and extended through Hispaniola to Puerto Rico is exposed in central Cuba. In Cuba, the collision between the North American plate and the island arc belonging to the Pacific (Farallon) plate occurred between the Late Cretaceous and the Eocene (Pindell 1993 (Pindell , 1994 Stanek and Voigt 1994; Hutson et al. 1998; Stanek 2000) . The Cretaceous island arc initially collided with the offshore sedimentary fan belonging to the Yu-catá n Peninsula (Stanek and Voigt 1994; Stanek 2000) and was subsequently sutured to the North American plate during its collision with the Bahamas Platform (Iturralde-Vinent 1994) . However, final overthrusting of the island arc and associated ophiolites onto the passive continental margin of North America is related to the formation of a younger, Paleocene island arc to the south that separated the Cretaceous arc from the Pacific plate. Paleocene to recent postcollisional uplift and associated tectonic as well as climate-driven erosion resulted in exhumation of metamorphic complexes in Cuba now exposed on Isla de Juventud (Isle of Pines), in the Escambray region and in eastern Cuba ( fig. 1, inset) . The collisional suture in central Cuba remained largely intact and has not been obscured by subsequent large-scale E-W shearing common to most of the Northern and Southern Caribbean plate boundary. Only a few ENE-trending strike-slip faults dismembered this collision zone.
The Escambray region exposes ∼1800 km 2 of Figure 1 . Geological sketch map of central Cuba (Las Villas) modified from Stanek (2000) crystalline rocks south of the Cuban Main Thrust in a "back-arc" position with respect to the Cretaceous island arc ( fig. 1 ). Most of the metamorphic complex is composed of high-pressure (HP) metamorphic rocks, but marginally the HP rocks are now in tectonic contact with low-pressure amphibolites, which are intruded by granitoid rocks of island arc origin. The age of metamorphism in the Escambray Massif and on the Isla de Juventud is constrained by later Jurassic to Early Cretaceous fauna preserved in metacarbonates (Millan and Myscinski 1978; Somin and Millan 1981) . The appearance of pebbles of metamorphic rocks in molassoid sequences in the Middle Eocene indicates the end of the arc-continent collision and final emplacement of the metamorphic units. However, little was previously known about the tectonometamorphic development of this crystalline complex and the metamorphosed parts of the island arc. Existing tectonic models for the Caribbean region concentrate on the early to mid-Cenozoic history of Cuba (e.g., Pindell 1993 Pindell , 1994 Iturralde-Vinent 1994) . With respect to Cuba, the tectonic development still needs to be clarified, especially in the Late Cretaceous. In this article we present Rb-Sr and laser-ablation 40 Ar/ 39 Ar age data on late-to postmetamorphic granodiorites and pegmatites, as well as on one sample of their metamorphic country rocks. These data provide critical new constraints on the age of metamorphism and on the uplift, cooling, and exhumation of the Cretaceous island arc in central Cuba.
Geological Setting
Regional Introduction.
The Escambray Massif ( fig. 1 ) is a mountainous area consisting of two domelike structures rising more than 1000 m above the flat plains of central Cuba. The western and eastern parts are called Trinidad dome and Sancti Spiritus dome, respectively. The southern margin is extremely steep. More than 2500 m of relief separate the highest peak from the neighboring sea floor over a horizontal distance of less than 20 km.
Intensive fieldwork since 1994, in conjunction with petrological laboratory study, has led to new geological interpretations for the Escambray Massif. Previous work (e.g., Millan 1974, 1981; Millan and Somin 1985) suggested a stratigraphic sequence of impure metacarbonates, carbonaceous quartz-mica schists, and metaquartzites. Metabasic bodies of various dimensions are found locally in the form of slightly overprinted gabbro, greenschist, blueschist, eclogite, and amphibolite. Serpentinized ultramafic rocks also occur. On the basis of detailed structural studies in the Sancti Spiritus dome, we now recognize a system of generally flat-lying nappes (Millan 1997; Stanek et al. 1998; Stanek 2000) in the core of this structure, and thus we consider the Escambray metamorphic complex to represent a pile of multiple nappes. In detail, however, different structural interpretations have evolved (Millan 1997; Stanek et al. 1998 ) and will be discussed in forthcoming articles.
The metamorphic overprint of the carbonatemica and quartz-mica schists as well as greenschists did not exceed temperatures of ∼500ЊC. No direct evidence for pressures exceeding 7-8 kbar has so far been found in these rocks (Grevel 2000) . Maximum metamorphic conditions of 16-25 kbar, with temperatures ranging from 530Њ to 610ЊC, have been determined for blueschists, and 580Њ to 630ЊC for eclogites (Grevel 2000) . In addition, the occurrence of deerite (Grevel et al. 1996) in interlayered ferruginous metaquartzites of the metasedimentary sequence strongly supports the assumption that the whole unit has in fact been affected by HP metamorphism. The uppermost part of the Escambray nappe stack, barroisite-bearing garnet amphibolites of the Yayabo unit (13-14.5 kbar at 580Њ-675ЊC, according to Grevel 2000) have been juxtaposed with epidote-amphibolite-facies rocks of the Mabujina unit.
The Mabujina unit ( fig. 2 ) surrounds the nappes of the Escambray Massif to the north and east in a 5-10-km-wide strip. These predominantly intermediate to mafic metamorphic rocks are referred to in Cuban literature as the Mabujina unit or Mabujina Amphibolites. Such rocks at one time formed the tectonic cover of the Escambray Massif (Somin and Millan 1981; L. Dublan and H. Alvarez, unpub. data, 1986) and were interpreted to represent a deep erosional level within the Cretaceous island arc forming the backbone of Cuba (Millan and Somin 1985; E. Stanik, J. Manour, and R. Ching, unpub. data, 1981; L. Dublan and H. Alvarez, unpub. data, 1986) .
On the basis of metamorphic grade, L. Dublan and H. Alvarez (unpub. data, 1986) distinguished two "formations" in the Mabujina unit. The rocks of the Mabujina "formation" have been folded and metamorphosed to the epidote-amphibolite facies. They are represented mainly by banded porphyroblastic amphibolites, metagabbros, and metadiorites. In some localities near the tectonic contact with the Escambray, higher-grade rocks of the amphibolite facies have also been observed (Millan 1996) . However, more acid rocks such as metaplagiogranites and metatonalites also occur. Serpentinized ultrabasic rocks are exposed between steeply dipping fault zones. Locally, late-to postorogenic granodiorites and associated pegmatites crosscut these metamorphosed island-arc rocks. The greenschist facies Porvenir "formation" is predominated by metamorphosed basaltic volcanics and pyroclastics and has been observed only in boreholes along the northern edge of the Mabujina unit.
We have been able to study in detail the transition between metabasites of the Yayabo nappe and metagabbros/metadiorites of the Mabujina unit in a profile along the Yayabo River near the Yayabo quarry ( fig. 2) , allowing the contact relationships between the island-arc rocks of the Mabujina unit and the HP nappes to be clarified. The Yayabo and Mabujina units have been juxtaposed along a ductile shear zone about 300 m wide, in which both units have been strongly mylonitized, and a convergence of the mineral assemblages (i.e., metamorphic grade) in both units can be observed. Narich amphiboles of the Yayabo unit (barroisite or Na-rich magnesiohornblende and pargasite) reflect a medium-to HP metamorphic regime, whereas the amphiboles in the Mabujina formation (tschermakite and ferropargasite, according to the classification of Leake 1997) suggest a low-pressure regime, although absolute temperatures cannot have differed significantly (e.g., Brown 1977; Laird and Albee 1981a, 1981b) . Within the ductile shear zone between the two units, recrystallized amphiboles and core-rim compositional trends thus indicate a convergence mainly of pressures (i.e., depth) at metamorphic conditions intermediate between the dominant overprint of the high-to medium-pressure Yayabo unit and the low-pressure Mabujina formation. Deformation in the amphibolites of both the Yayabo and the Mabujina units was succeeded by static tempering, as indicated by partial intracrystalline strain recovery and growth of amphibole and plagioclase grains across the mylonitic foliation, indicating that juxtaposition of the two units occurred at depth. It is inferred that the epidote-amphibolite-facies rocks of the Mabujina unit were metamorphosed at !5-9 kbar and temperatures of 610Њ-730ЊC before coming into contact with the Yayabo unit.
We have focused on the late-to postorogenic granitoid intrusions in the Mabujina unit because dating of these rocks provides a minimum age for metamorphism and main deformation in the Mabujina unit, as well as for the timing of juxtaposition with the Yayabo unit.
Investigated Samples from the Mabujina Unit.
Late-to postorogenic granodiorite and pegmatite, as well as country-rock biotite gneiss, were sampled from different localities in the valley of Rio Jicaya (RJ; figs. 2, 3). Two pegmatite samples were taken from the Yayabo quarry (Y) ∼60-80 km to the east ( fig. 2 ). In addition, sill-like pegmatite intrusions were sampled along the road from Manicaragua to Jibacoa (MJ), near the tectonic contact between the Mabujina unit and the HP rocks of the Escambray Massif ( fig. 2) .
The pegmatite samples generally appear unfoliated. Only at locality RJ can a widely spaced sinistral crenulation cleavage be observed. However, kinking of the large crystals of magmatic white mica ( fig. 4A ) and discrete small shear zones with a new generation of oriented white mica and recrystallized feldspar ( fig. 4B) . Somin et al. (1992) calculated an age of Ma 85 ‫ע‬ 4 from K-Ar analyses of white mica separated from a pegmatoid quartz-mica vein northwest of the Yayabo quarry, whereas Hatten et al. (1988) determined a K-Ar age of Ma on white mica of 84 ‫ע‬ 2 a pegmatite from Rio Jicaya.
The granodiorites have a mineral content similar to that of the pegmatites, but a smaller grain size. At the well-exposed locality RJ, macro-scale folding can be mapped in the surrounding country rock (fig. 3, inset) with the granitoid intrusions occupying the crests of these folds. The late-to postorogenic granodiorites are massive or only slightly foliated magmatic bodies. Notably, at sample locality F011 [RJ] , the intrusive contact of the granodiorite to the biotite-gneiss country rock is overprinted by the same deformation, leading to the shearing within the granitoid bodies themselves. Sukar and Perez (1997) reported U-Pb data on zircon of ∼92 Ma analyzed by Hatten (C. Hatten, pers. comm. to K. Sukar and M. Perez), which can be interpreted as an intrusion age for the granodiorites.
The biotite gneiss is a medium-to fine-grained, well-foliated rock. It is composed of quartz, feldspar, biotite, and green amphibole, locally accompanied by garnet, chlorite, white mica, epidote, apatite, and zircon. Bibikova et al. (1988) classified this rock as volcanogenic, on the basis of the morphology of zircons. Bibikova et al. (1988) also reported uranium-lead zircon ages of 5 Ma for 110 ‫ע‬ 1 this rock type, but the geological meaning of this age is unclear since it is based on the apparent 206 Pb/ 238 U age of only one analysis of discordant zircons. Somin and Millan (1981) analyzed whole-rock samples of Mabujina Amphibolite from the region S and SE of Manicaragua (near locality MJ in fig. 2 
Analytical Techniques
Rock and mineral separations were carried out at the Westfä lische Wilhelms-Universität in Mü nster (Zentrallabor fü r Geochronologie). Pegmatite samples were carefully crushed by hammer, and different micas and feldspars were separated using a fine needle and tweezers. To isolate the crystal Figure 4 . Microphotographs of white mica in the pegmatite S141 [RJ] . A, Kinked rim of a coarse-grained white mica (generation 1) with typically undulatory extinction; B, orientated medium-grained white mica (generation 1) mantled by fine-grained white mica (generation 2), crossed-polarized light; scale represents 1 mm.
cores, the outer rims of coarse-grained white mica in pegmatites were simply cut away with scissors. Bulk separates of white mica were analyzed for sample S157 [MJ] . Mineral separates (355-500 mm) of the granodiorite and biotite gneiss were also prepared as bulk separates obtained by crushing, sieving, and magnetic separation. All mineral separates were purified by hand-picking and ultrasonically cleaned in order to remove surface contaminants. Whole-rock powders were obtained by crushing cleaned pegmatite material (3-4 kg).
X-ray fluorescence (XRF) analyses were performed at the Ruhr-Universitä t Bochum with a Philips PW 1400 XRF spectrometer (WDX). FeO, H 2 O, and CO 2 were determined following the methods of Ungethü m (1965), Fischer (1935) , and Hermann and Knake (1973), respectively.
Inductively coupled plasma-mass spectrometry (ICP-MS) analyses of trace elements were commercially performed on an Elan 6000 ICP-MS at Acme Analytical Laboratories in Canada. Eu determination for samples having Ba contents 1∼9000 ppm is problematic; therefore such Eu data have to be considered as semiquantitative.
Mineral analyses were also performed at the Ruhr-Universitä t-Bochum with a Cameca SX50 electron microprobe. Operating conditions were a 15-kV accelerating voltage, 10-nA beam current, and an integration time of 20 s. Pure oxides, as well as natural and synthetic silicates, were used as standards. Corrections for atomic number, fluorescence, and absorption were carried out using the PAP procedure (parabolic correction after Pichou and Pichoir 1984) supplied by Cameca. The amount of ferric iron in garnet was determined by charge balance after normalization to fixed oxygen and cation numbers. The program Mincalc (H.-J. Bernhard, pers. comm.) was used for the calculation of the structural formulae.
Laser 40 Ar/ 39 Ar analyses were performed at the CLAIR geochronologic facility at the Massachusetts Institute of Technology. Before isotopic analysis, single crystals of muscovite were prepared and irradiated as described by Hodges et al. (1994) . The J-value for all of these samples is within (‫2ע‬j). Individual analyses were 0.00318 ‫ע‬ 0.00002 obtained by fusion of single crystals with an argonion laser and subsequent analysis with a MAP 215-50 mass spectrometer. Radiogenic yields for the analyses typically exceed 95%, and the precision of age determinations ranges between 1% and 2%. Evaluation of the data with standard isotope correlation diagrams indicates the analyses are dominated by in situ radiogenic argon with minor addition of modern, atmospheric argon. The ages represent weighted means.
Rb-Sr isotope analyses were performed at the Westfä lische Wilhelms-Universität in Mü nster (Zentrallabor fü r Geochronologie). For the Rb-Sr analyses, sample quantities between 1 and 100 mg of whole-rock powder, white mica, feldspar, and biotite were spiked with a suitable 87 Rb/ 84 Sr mixed spike and subsequently digested in Savillex-PTFE vials with a mixture of HF/HNO 3 (5 : 1) at 120ЊC. Complete dissolution was achieved within 2-3 d. After evaporation, the samples were digested a second time in 6 N HCl. Separation of Rb and Sr was performed in 2.5 N HCl using quartz glass columns with Dowex AG-50 W * 8 (200-400-mesh ion exchange resin).
Rb was measured on a Teledyne SS 1290, whereas Sr was measured on a VG SECTOR 54. On the basis of repeated analyses of NBS Rb-standard SRM 607, a mass discrimination factor of 0.9939 was used. Exponential mass fractionation correction (Russell et al. 1978; Wasserburg et al. 1981) Sr ratio was estimated from replicate analyses and therefore applied for all isochron calculations. Isochron calculations were carried out according to York (1969) . All errors on ages are given as 2j.
Bulk-Rock Geochemistry
Major-and trace-element analyses of 12 granitoid rocks and one metamorphic sample of the country rock are summarized in table 1 (tables 1-4 are available from The Journal of Geology free of charge upon request). The biotite gneiss country rock F019 [RJ] in Jicaya valley shows slightly higher FeO ϩ Fe 2 O 3 , CaO, MgO, and TiO 2 than the granitoid intrusions (table 1). K 2 O is comparable, whereas Na 2 O is distinctly lower.
As indicated by their mineralogy and chemistry, the younger pegmatites have a granitic composition (SiO 2 1 70 wt %). The granodiorites also exhibit very SiO 2 -rich compositions (170 wt %). The alkali elements Na and K are strongly enriched, with low K/ Na in the samples from Rio Jicaya, intermediate K/ Na in the pegmatites of Manicaragua-Jibacoa, and high K/Na in the Yayabo pegmatites. This relation-ship is also reflected in the Rb/Sr, Rb/Ba, and Rb/K ratios. Generally, it was established that the granitoids are rich in most large ion lithophile elements (LILE). Very high contents of Ba were found in pegmatite S141[RJ] from Rio Jicaya. A systematic survey of the mineral chemistry of the rock-forming minerals (tables 2-4) revealed a maximum celsian component of 16.5 mol % in K-feldspar, as well as Baenriched rims of white mica having up to 19 mol % of the theoretical Ba end-member ("oellacherite").
The observed pattern of Ba distribution within the crystals can be interpreted as a primary Ba enrichment, presumably inherited from the source region and followed by subsequent remobilization (M. Krebs, C. Grevel, F. Grafe, W. V. Maresch, K. Stanek, G. and Millá n, unpub. data) . The high field strength elements (HFSE) are slightly enriched compared with the primitive mantle values reported by Hofmann (1988) , having absolute abundances very similar to normal midocean ridge basalts (N-MORB). The observed subchondritic Nb/ Ta ratios (mean ∼6) are unusual for high-potassium island-arc rocks. Superchondritic Nb/Ta values (up to 33) were reported from potassic arc rocks by Stolz et al. (1996) , as well as by Jochum and Hofmann (1998) .
On the basis of low initial 87 Sr/
86
Sr values (!0.7050) obtained from mineral isochrons, we suggest that the Sr is most likely derived from the mantle, without participation of large amounts of old upper crustal lithosphere (Grafe et al. 1997) . A systematic analysis of isotope geochemistry in the granitoids and a comparison with the Cretaceous island-arc rocks of Cuba will be presented elsewhere (K. P. Stanek, F. Grafe, A. Renno, and A. Risse, unpub. data fig. 5 ), where the oldest age for each rock is represented by isochron 1. Isochron 2 indicates a subsequent event, and isochron 3 represents isotopic closure of the Rb-Sr system in biotite. CWM3 of sample G2061 [Y] was not used in the calculation of isochron 1 or in the calculation of isochron 2 because the isotopic data of the whole rock and CWM3 would have yielded an intermediate date (cf. CWM3 in tables 5, 6). This is interpreted to be the result of mixing of primary ("crystallization") and secondary ("metamorphic") mica isotopic components. Thus, CWM3 is probably composed of a primary core and a larger portion of deformed rim ( fig. 4A ). CWM2 resembles CWM3; however, it has the best intact primary RbSr system preserved in its core and was best separated from the modified rim. In contrast, CWM1 was completely reset during modification with regard to its Rb-Sr systematics. Resetting of the RbSr system must also be assumed for coarse-grained white mica of pegmatite S141 [RJ] , where CWM2 plots on isochron 2 ("metamorphic").
The relatively high
87
Rb/
86
Sr ratios in samples G2057 [Y] and G2061 [Y] suggest that coarse-grained feldspar, as well as fine-grained feldspar from shear zones within the pegmatites, is a mixture of plagioclase and potassium feldspar. The separation technique used precludes complete achievement of pure coarse-grained plagioclase and potassium feldspar samples. Furthermore, local kaolinization of the coarse-grained feldspar was observed. As a consequence, the Rb-Sr systematics of feldspar from all three pegmatites are slightly disturbed. For this reason, they were not used for the isochron calculations. Whole-rock analyses were taken instead. This is possible because of the high 87 Interpretation of the Calculated Ages. Ages of primary, coarse-grained white mica (isochron 1 of Note. WR p whole rock; CWM p coarse-grained white mica; CFS p coarse-grained feldspar; FWM p fine-grained white mica; FFS p fine-grained feldspar; PLAG p plagioclase; BT p biotite; FS p feldspar/not specified; WM p white mica/not specified.
two sources of different age information preserved in an isotopically polyphase crystal. These dates therefore do not have any real geological meaning. The ages of fine-grained white mica and isotopically reset coarse-grained white mica (isochron 2 of S141[Y], G2057 [Y] , and G2061 [Y] ) are interpreted to represent maximum ages for shear-zone formation in pegmatites because at least partial isotopic reequilibration between white mica and feldspar can be assumed in these samples. The age of the white mica in granodiorite F012[RJ] is significantly younger than the "crystallization" ages of pegmatites S141 [RJ] and F009[RJ] . This age is even younger than the "metamorphic" age (isochron 2) of S141 [RJ] . Keeping in mind that the metamorphic age of S141[RJ] represents only a maximum age of reequilibration, the white mica age of F012[RJ] may reflect a lower age limit to metamorphism (possibly the cessation of this overprinting episode). (table 7) . These ages are considerably younger than the corresponding Rb-Sr ages for the coarse muscovite phenocrysts discussed above. Within analytical uncertainty, these values are the same as the Rb-Sr ages determined for biotite from sample F019[J] and sample S141 [J] ( fig. 5) . Therefore, the 40 Ar/ or epidote-amphibolite-facies metamorphism of country rock at 620Њ-640ЊC. The identical laser 40 Ar/ 39 Ar ages on muscovite and Rb-Sr ages on biotite in pegmatite, granodiorite, and country rock show that the "cooling" age is representative of the whole metamorphic complex of Rio Jicaya valley.
Crystallization and metamorphic ages could also be determined for the pegmatite samples from Yayabo quarry. However, crystallization ages are younger by ∼4-7 Ma and metamorphic ages by 8-11 Ma than those of Rio Jicaya. All ages and their geological interpretations are summarized in table 8.
Discussion of Results
Geochronology of Granitoid Intrusives. The Rb-Sr systematics of primary coarse-grained white mica provides essential information on the time of crystallization of the pegmatites and places a minimum age limit on the time of epidote-amphibolite-facies metamorphism for the Mabujina formation. Intrusion of pegmatites occurred at ∼88 Ma in the Rio Jicaya region and at ∼81 Ma in the Yayabo region.
The K-Ar date of ∼ Ma (Somin and Millan 85 ‫ע‬ 4 1981) on white mica from a pegmatoid vein northwest of the Yayabo quarry agrees within error with the crystallization age of the Yayabo pegmatite. However, this K-Ar age is not comparable to the Rb-Sr crystallization age from the Yayabo quarry because the relative age position of this pegmatoid vein (within the Yayabo unit) to the granitic pegmatite (within the Mabujina unit) is not clear. If both rocks had the same relative age position, the K-Ar date should be significantly younger because the closure temperature of the K-Ar system in white mica is ∼350Њ-400ЊC (Mezger 1990 ). An explanation for a possible overestimation of an age obtained by the conventional K-Ar method could be the participation of excess 40 Ar in the sample because no "magmatic" or "metamorphic" excess 40 Ar was considered in the age calculation (Faure 1986) . A generally high amount of excess 40 Ar in pegmatitic rocks was observed by Laughlin (1969) . Therefore we strongly recommend that this age and even other similar K-Ar ages from Mabujina amphibolite be redetermined using 40 Ar/
39
Ar methods to avoid the effects of excess 40 Ar. The contrasting Rb-Sr isotope data of white mica in shear zones and fine-grained white mica of weakly overprinted granodiorite intrusions are interpreted to indicate isotopic reequilibration at temperatures lower than 450Њ-500ЊC, due to reopening of the isotope system by deformation and/ or fluid activity. They may reflect late-metamorphic, postpegmatitic stages of an inhomogeneous, weak, ductile deformation in a still compressive regime. Isotopic reequilibration seems to be grainsize dependent. Age information on crystallization was preserved to different degrees in the core portions of large coarse-grained white mica in pegmatites, but fine-grained white mica of granodiorite have totally lost their primary age information.
Cooling ages obtained from Rb-Sr analyses on biotite of the pegmatitic intrusion S141 [RJ] and biotite of surrounding, metamorphosed country rock F019 [RJ] , as well as from laser 40 Ar/ Thermochronological data of granitoid intrusives and Mabujina rocks result in a T-t path for these rocks as shown in figure 6 . The granitoid intrusions cooled rapidly following intrusion into the epidoteamphibolite-facies Mabujina formation. With time, the cooling rate decreased until it became the same as the cooling rate of the surrounding Mabujina unit. The small arrows indicate that the T c for the Rb-Sr system in the metamorphic white mica can be affected by deformation and/or fluid activity, and therefore should rather be somewhat below those of the coarse-grained white mica.
Regional Implications. On the basis of field and structural data, we interpret the eastern part of the Escambray Massif to represent a tectonic nappe pile, of which the uppermost part consists of the Mabujina unit. The underlying tectonic units partly contain HP metamorphic rocks of still enigmatic age.
The dating of the late-to postmetamorphic intrusions into the folded epidote-amphibolite-facies rocks of the Mabujina formation and their cooling history are thus also critical for the T-t evolution of the Escambray rocks. Thus, HP metamorphism must have taken place and ceased before the regional exhumation of the Mabujina unit started, that is, before late Campanian time (ca. 70 Ma). Therefore, metamorphism and ductile deformation of the Escambray rocks were completed at least 10 m.yr. before the inactive island arc was thrust onto the southern margin of the Bahamas Platform starting around 60 Ma (Pardo 1975) .
Recent paleotectonic models of the northern Caribbean (e.g., Pindell 1993 Pindell , 1994 Stanek and Voigt 1994; Stanek 2000) suggest that an island-arc system was moving northward and northeastward dur- Figure 5 . Rb-Sr isochron diagrams for selected samples. WR p whole rock; CWM p coarse-grained white-mica; FWM p fine-grained white-mica; CFS p coarse-grained feldspar; FFS p fine-grained feldspar; PLAG p plagioclase; BT p biotite; FS p feldspar/not specified; WM p white mica/not specified; MSWD p mean square of weighted deviates, after McIntyre et al. 1966 . (Stanek and Voigt 1994; Stanek 2000; Stanek et al. 2000) . However, little is known about the early history of the collision in this region because of the tectonic overprinting by younger strike-slip motions along the Motagua fault zone. At this time the sedimentation east of the Yucatá n Peninsula and south of the Bahamas Platform was interrupted, and an influence on the sedimentation regime caused by the island arc can be observed. This seems to correlate with the end of epidote-amphibolite-facies metamorphism of the Mabujina rocks and the intrusion of post-to late-metamorphic granitoid rocks. Following the existing thermochronological data, the juxtaposition of the Mabujina unit and the Yayabo unit, as well as the initial cooling of the Mabujina unit, ended at ∼90 Ma ( fig. 6 ). The collision of the north-facing arc with the southern edge of the Yucatá n Peninsula probably caused a change in subduction conditions involving thermal relaxation without notable uplift.
We infer that during such an episode, the Mabujina rocks were cooled from lower amphibolite to greenschist facies conditions. Granitic magma from lower parts of the island arc intruded the Mabujina metamorphic rock assemblage without being affected by conditions of epidote-amphibolitefacies metamorphism.
After this last magmatic episode, the whole island arc cooled further and the upper parts of the island arc were eroded. Extensive mid-Campanian (ca. 80 Ma) to upper Maastrichtian (70-65 Ma) carbonate sequences (including peneplanation and transgression) indicate that the Late Cretaceous was a period of relative tectonic stability.
Uplift to higher crustal levels and exhumation of Mabujina rocks is evident from the geological record of post-Cretaceous sedimentary basins in the periphery of the recent Escambray Massif (fig. 2 ). I. Kanchev (unpub. data, 1978) reported the occurrence of latest upper Cretaceous carbonate blocks of several tens of meters in a fanglomeratic carbonate matrix at the Paleocene-Eocene boundary (60 Ma), and since the upper Eocene (ca. 45 Ma), the first appearance of terrigenous clastics, including debris of Escambray metamorphic rocks, in the Cienfuegos basin and in the Cabaiguan basin ( fig.  1 ). Debris from Mabujina metamorphic rocks started to occur between 60 and 45 Ma, shortly before Escambray metamorphic rocks arrived at the surface. Additional evidence comes from first fission track dates on zircon from HP metamorphic rocks (M. R. Brix, pers. comm.) of the Escambray Massif underlying the Mabujina rocks. These data indicate cooling to temperatures of C 280Њ ‫ע‬ 30Њ (Stö ckhert et al. 1999) and scatter between 68 and 58 Ma (Stanek et al. 1998) . All these constraints indicate that final cooling, starting at 70-65 Ma, was dominated by uplift, thrusting onto the Bahamas Platform and subsequent exhumation processes.
Conclusions
To summarize and outline the major results, four points are emphasized:
1. The investigated samples of late-to post- 2. Rb-Sr crystallization ages of pegmatites place a minimum age limit of 88-80 Ma on (a) the epidote-amphibolite-facies metamorphism in the Mabujina unit, (b) the magmatic activity of the Cretaceous island arc, (c) the onset of the initial collision of the Cretaceous island arc with the southern edge of the Yucatá n Peninsula, and (d) the HP metamorphism and juxtaposition of tectonic units of different metamorphic grade in the Escambray Massif.
3. Laser 40 Ar/
39
Ar ages of muscovite and Rb-Sr ages of biotite indicate cooling of the Mabujina unit through C at ∼73 Ma. 350Њ ‫ע‬ 50Њ 4. The comparison of the new thermochronological data with evidence for regional uplift and exhumation recorded in adjacent molassoid basins suggests a two-stage collision, where cooling of Mabujina unit rocks was initially driven by a change of the subduction regime combined with thermal relaxation, and subsequently was dominated by regional uplift and exhumation.
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